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(57) Abstract: A display including a 
current drive circuit capable of supplying 
a desired current to a light-emitting 
element in each pixel stably and accurately 
irrespective of the characteristic variations 
of active elements in the pixel, thereby 
providing a high-definition image. Each 
pixel is composed of a receiving transistor 
(TFT3) for receiving a signal current (lw) 
from a data line (data) when a scanning 
line (scanA) is selected, a converting 
transistor (TFT1) for converting the 
current level of the received signal current 
(lw) to a voltage level and holding the 
voltage level, and a driving transistor 
(TFT3) for allowing a drive current having 
a current level corresponding to the held 
voltage level to flow through light-emitting 
element (OLED). The converting thin film 
transistor (TFT1) generates the converted 
voltage level at its gate by allowing the signal current (Iw) through its channel, and a capacitor (C) holds the voltage level at the gate 
of the transistor (TFT1). The transistor (TFT2) allows the drive current having a current level corresponding to the voltage level 
held by the capacitor (C) to flow through the light-emitting element (OLED). 
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& -5 cDo^Mfioi^m^©^ i/ >r cD^im^ffiirc£> * /ca6, r ? r- ^ ^ 

jgy- h^j^||lh5>^X:?©~«T&3&II^^>^*> UJTTFTi 

f>(X7t/^li^li#^8 - 2 3 4 6 8 3 ^&*RKM^£*lT*> ?K 
»OWBIIi*H 1 C*t, B^lilg^^OLED. 

teW^U? hD^U>ytVX (EL) ^t^So W«EL^ J F-li^<©» 

OLED K> tflin^Ct^O, 

HTfli**^ O L E D t l/t^ KOEf *ffl^tl^, (fib. leftS^ 

t^OLED0Ty-K liVdd (Cjg^Sn* — *V 

-K »TFT2©Kl/-f >l-*l»*nTV^* 0 — 2u T F T 1 (Df— b 

lijtSI&s c anl«n> V-Xlif-^Id a t a Kj£tt3*U KU-TV 
(i#8MgSC&tfTFT 2©^- M:^$ntl^o 

a t aizmmffim&m-tT-rn&LVw&wm-fzt, tfti##«u 
^sc^mxiiStm^n. tft 2©y- hmftti^-^mftVwc-Brrs 

o t££I&s c an**lRtt»fctSt, TFT TFT2iiS 
^ (:f _^^ d a t afr&BJ0*3n*7K TFT2©Y- Mtli^^l 
C K «fc T&feK&WZftZo TFT2^ LT^Bfc^O LED tcSfeft & mflfE 
li. T F T 2 cDY— g s (CJCc? b/clfi i:^ 0 ■» SSft^OLE 
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O L E D fc«n*MK*T**o T F T 2 #**I**"e*frr* t»© fcf * fc 

N I d s {t^TO^-vm^tl^o 

I d s=/i ■ Cox • W/L/2 (Vg s - V t h) 2 

= // • Cox • W/L/2 (Vw-Vt h) 2 2 - (1) 

Cox=£ 0 • er/d — (2) 

(1) (2) Vt hliTFT 2©ISie£^U + 'JT©8 

2fS£^U erliy-H6«iOlt»W**U d tt^- MMiK©**** 
( l ) ^anil ■*^«*atr*ttVwl= I d s **twe*. &m 

fc LED ©«?&£*?J8flT£ * d t ntt *„ T F T 2 «tt 

JlWCifls^illfiBROlOT**. lftW«*lw*J^T« I d si* 

Vg8 0*i:^tK»^ KU>f>/V-^iaSEVdsi:li^UW: 
OLED©«tttf6oSi:J:»)Vds^fl»bt^ 0r^i©8i«at I d 
s £0 L EDJCflft-rc £#<-C#£fr £"C<!d3o 

£ffx.li\ ^CS^^bnSSt-tlH-^^l' (-7I/-/0 ©IB. OLE 
D tt-fcaKK-r*****"*- *o c © £ -5 W**B 2©<k5i:7h'j^tt 

0 2C/W^:, 0r*©Jfe*1M** (0tJ*tfNTSC£ 

|&Kfto/c:7U-Aja81) tgf 2 5*S«"f *fc»©^aa*s can lMs 

canNt, mm2 5^mmr^>tzib(Dmm\nm (f-^tvw) *#*.*f* 

-*if&d a t a t^v h •> ^X«ICEtt$nTV^o ^3t* s canlMsc 
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anNti££*Kft@K2 1 K»«E3n*-:«N r^Idat alix-* 
i&[5IK2 2KlfcR3n«. ***MHM2 li:J:otJ6IIs c a n 1 ttS s 
canNtlWHRW^ f^aMMM 2 2 IC J: otf-^d a t a 
3^6VwlwJ:*«a**«IOa-r-i:KJ:0. MOW******- 

*M»l-r*fc«>. OLEDtTFT2©**»l/t^ 8 OLEDIi> «I« 

o it* o o l e d ® t ; - k t ur «« u i t o^cd 

aw******- iiiii 2ttw*iB-c*att«*nT*jo, oled© 
av-Ktb-cww*. mt>. ^itii 2 »*ufs©«»«ttv d d 

0©JbKiE?Lffcj£lgi: bTD i amyne^ItU *<D±\zm*m2kMt\,X 
Al q3*3K*U 5EIC*©±»C* V- K (I^aEAlffi) tUtiit^^I 
1 2 *jRK-r 5o ^ AU3li, 8-hydroxy quinolin 
e aluminum^bt^. z.<DX*Knmmm**+*OLED\t- 
WzaSfc^o frfr *«***t * O L E DOT; - hV * V - KIHK*#W© 

tE (1 ovis) &mm-rzt, u^ier^* •* u rcD&A^ectK as* 
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*<D±m^mtet>ntc?- hmmms t, coy- hmmmz zfrvrr- hm 
m& mmfr TFT2iiOLED ^m® $ n 6 m«tcDii*& t « * 

7-XS> ^I'^.^C h&tf KU"f VD£H;tT^£o f-t*^ChliTlty- 
h 2 cD®±(Ci4|g-r £o d h AY- hii©TF T 2 ttM®m&B 5 (I 

ci ft & ©jb(cjiM©jBniftitK 9 ttit bTitrM u^oled Mi^nt 

l>*o tt*>\ 03O«"eiiTFT20KU'f>i:OLEDOT;-K*ft»t« 
^ TFT 2 tUPft*^»ib5>^^*ffl^tl^o 

tt«i#5X£ffi±K^JS$nfcTFT (Th in Film Transist 

or> *»h7^^) *<wfflsn*^ c:n«*©a*^«k*o -rtt*>^. 

W«ELJg©ry- K (KM) tU, ii^liSW^mM-C*^ I TO ( I n d 
ium Tin Oxide)«^n^ I TOIi-«i:f*ELIA<» 
^Wi^HfiTtM$n5a^<> d©»* 1 TOIiflELim 

So 

„ T^E-^7 7 X->'J3V (Am orphous Silicon. U 3 
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*&m+z. *^t. mm i**»u *«*^oLED*»*t*. 
mil 2*^-r*o 

$ tl> IMS** tttli * ©±C J&fiSlT jWfct&WSFS tt T F T*<ttffl £ ft 
&mWSk\ 2 a. WiELil lRO'S^mil 0 B«lCt^ T F T 2 <b b 

ffTCfc** TFTO»*i:««Sn*T^7T^i"i3^# , J5 / 

c©^. i^-s«±c^fiJcb^TFT-et). *©vth amm) tmrnK* 

h^«^>o<^m> liu^© (1) ttft^X, OLEDdSftft&SSfc I d s{« 
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feWjf&u^F (1) *-*©tf&^*K°^ Tfepw|fl>;i tmSo 

© iu*±*< o icie ut^t * f)\ c niif* * * ^ u >r ©smxnc: 



******* uta*f-^ii:«»t*i«i**tfT-^«iftiiiii £ 
tbT. ********** 
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h ? y V x * (*> buSS* ASP J: o TJK 0 & £ n/cff ^^Huia?" + * * 

ftAn^ntri^b^m^^^^^wt-^^iiim^^^i'^^^^bTM^^ 
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6«IOIlTH)liU flt»snfe«EEU^iU*ttE*!Hffllft*y- b^«# 
o jtofcTWEWOTMBMU gMB»*^M«****^^*TE»*«^**»* 

ensues < mm t , mwjm^mmmm^m bxwm^m^^yt^mzm < m 
wtcoMit&mwisX, &wmomm%ftw*!ife^-?z° ^'^^^ we 
igi&am; «rEiR»fflifti»y- hai*»* h 7 >y^^*a-3 turn*? 
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Mfflisti, oLED^iftcDi^cDy- b • v-xmm.j£fi\ &-<Dmm^&^x$L 
u^o smi^ m$&&mia^ m 1 cD^m^^-oxmm^n^m^m^mf 

&&m*. Itttcil»^J:-5»-TFT©1*fttfe»o*(w«J:&r. IE»t::j9r2(Z>* 

tEib^t bT^fflwtgT^^o &-c> mwimmom^^^, TFTicat 

*f^S«t£ I w. *0i*TFT 1 i:4f^y- h • 7-*ra*EE£Vg s 
£o «#&<^BfliTFT 4 (CckoTTFT 1 <Z>y- h • b l> 4 yfflfim&ZtlX 
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I w= u 1 • Cox 1 -Wl/Ll/2 (Vgs-Vt h 1) 2 - (3) 
dd-C#'<^y-*©*»»*1iriB (1) ^©»^lwlf5-r«o OLEDCil 
n-Sm^^ I d r vttSt, I d r vti. OLEDtl^JC^^nSTFT 
2trj:oTSS6U^^^«»JfflI^nSo *58Wr{i. *©y- h • V-^fflSE^ 
(3) 5£©Vg s JC— IttSCDt, TFT 2fr&m&i&TW)< / p-?2>tfo%.-m\* 

Idrv = /z2-Cox2-W2/L2/2 (Vgs-Vth2) 2 

... ( 4 ) 

IVds I > I Vgs-Vth I ••• (5) 

TFTl tTFT2 tl±, /h^^®^I^SP(Ci£^ ItM^nSfcfe 
, fH±// l=tf 2, Coxl=Cox2, Vthl=Vth2t#^.bn^o 
t-5t, COtt (3) 5t&tf (4) ^^^^(Cj^T©Tt^#^n^o 
Idrv/Iw= (W2/L2)/(W1/L1) - (6) 
CCTaSt^$M> (3)^(4)^1:*)'^ tf> Cox, Vth 

(6) ^licn^O^^y-^^tt^^cD-e, I d r v/ I wOttfidti 
e»©«e»o*Cttff d irt^^o #J*J*W 1 =W2, Ll=L2t 

»«-rn«> I dry/I w= 1 > f <C*>"6 Iwtldr v^-Ottt^^o 
ttt^^TFTO#j4l^o§i:«t^ OLED(CgfBn^©»«dfE I drvli 
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1, W2, LI, L 2 cDiS^PMJr^oT I wt I d r v (Ditlt&m^fcibZtl 
£U *>£^l*TFT 1 tTFT2 t £I^-©T F T-dfcffllT £ -I t *> "Itferfe 

So 

OLEDtrgfc-r- t^'-e^6^> Jgic (6) 5£c:«£fttf> Iwtldr vtW 
( 1 ) J&ZTjkLtzZoiZ, Vwt I d r v i:^TFT0#14{:ffi??U^«l 

nT^£o d©^, ^0>J-C(i (l)Mot, Idrv^ CK>TliOL 

5£bT (6) 5£Ti*X.£tt£ I d r vCD<iS^OLED(C§t^-C§So 

(4) sSfc^TWU T F T 2 ^ffi«Tif^t 5 t «t t *36B/JI*T 

ft — Tffi«T»flF^*w^Kio^TfcW&Tfc£o -rtefrt>> tft2 

Idrv = /i2 • C o x 2 - W2/L2* { (Vgs-Vth2) Vd s 2 - 
Vds2V2} (7) 

Vd s 2iiTFT2©KU^ > • V-XimtEETfeSo CCTTFT1, TF 
T2liiEftbTEf&nt*»'D, *©firSIV t h 1 =V t h 2 = V t 
o^CD-T^t. (3) 5k (7) sC^^Vgs, Vth*jfi*t§:^TlT 
. £TF©5$£#£o 

Idrv = //2 »Cox2 - W2/L2* {(2IwLl/tfl ■ C o x 1 
•Wl) 1/2 Vds2-Vds2V2) - (8) 
C©Jg£\ IwtldrvtDBiili, ( 6 ) 55© J: -5 tti^ttJtfflM^KIitt 
&ttV^ (8) ^i:liVth^*tltl^l>:t^b, VthOllbO^ ( 
£-o£-f>I5[i£n y h®©t££o#) CfcoTIwtldr v©UI^^ 
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tttstl*^ b\±»^ k&t>frZo -?Kt>?>. VthOlfbogiabf> ffi 
1£(D I w^S^&trc ttc^oT. mmo I d r v^H5:tm5o tctt U 
. o x^MftTI* £o< ^tt^li. ^-n^ojitc J:oT> I 

w£^-^K-^X./-t&-£T fc. (8) 5£^£&;J:S I d r v<Dm*\%*>^< - 

^(c^ecD-e. tft 2 \tm&®&r> izmmm%i,'eW)r?'?2 > 7]frm& u>„ 

J/iTFT 3 tTFT4 cD^2E*$KJ: oTSM U «#jA^^TNf(C (i 

TFT3t:^oTTFT4^o f f VV&ftZ d t^J: K)W.£ U^o 
^£@?$t[5]E&(;::fc^T(i. TFT3tTFT4lt |^— >T :/T£><5^fi 
tt<. TFT3tTFT4 tl^-^fclil^S^^^f), -ZtlZ'tKD 
y- h^JglJ^O^if^cfcoTflJSUU ^#&***TI$K(iTFT 3 (C5fe/foT 
TFT4#o f f ^ir-T-S^^C^-r^-t^M^b^o 

tft 3. TFT4«-en-e'nsij©^aEi^{w<};oT$fj®J-r^^(i. « 

£&##*7&. ^^0gifT^<£oTTFT4£ontKaSti:U ^S^ft-Clf 

i^tsct^^o -nti. tft i ©y- h • wtft 

2©^- h^igc^n^^fe. TFT2©y- hSEEIiTFT 1 ©U^lfi (C 
tliiTFT 2©U£^ft{C<5(3^b^) ittO, TFT K TFT2*i:of f 

fl&Me&K^fc£^£- t^tTCfcSo R. G. B cDfe^K^ 2 ©j£f£jj3|£# 

|5mi$fy!WIE9^#/cV^i^ H^^cDiH^ (duty) £a££-f 
^ti:J;o T ISftflH^ 0 L E D O^i&m^^:^: £ < -So 
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mi oti. 0 9 <DnMMt&^&vz&f3^<DmB<Dm&7F-?i&]&m-c&z>o 
mi ut, m9(Dmmmm(Dmmm^-rm^m-c$>^o 
mi 2i±. mQonmj&mo&j&M&TFirm&m-v&Zo 
mi 3(i. ^gcD^^cD^^j^-riiiiSST^^o 
ii 4it m 9 (Dmmm^<Dm^m^irm^m-c$>^o 

hi eii> hi 5<Dmm i f&i&<Dm. i fcm*7F-tw[nm-vtbz>o 

Hl7lt HI 5®#liffi^!£©^M£^TriaK0T&£o 

02OUU 01 9©|lJKC^Mt^^^te-e®mcD^^^tf-5^^iJiBJ-r 

Ztztbom'C&Zo 
0 2 1 (i. 0 1 9cDH5fi^>CD^^J^-riSI«S0'C$.^o 

02 2i*. 01 9 <Dmmi&WL®mzm$:7Fir®nm~ehz>o 
02 3(i> 02 2<D®nw&*®i&<D%.%km h7>^x^^in§ii^tt 
&7F-rm-v&Zo 
02 4 ti. 01 9(DnMMm<D£Bm&7F-r®i&m-?$>5o 
H2 5ii> 02 3 <D®m&&v£*®ft®T-?mmi<L&7jk-rm-€$>Zo 
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m2 eii> ^mz^^mmmm^mommm^^-rm^m^h^o 

B5tt#B!HK«fcS®*ia*&©W^fcSo d©®^. |fS«^tl5^ 
if7>^^TFTK WtS&E L ***** &tt * a**^** 
1Wii^*«ttfflh9>^x^TFT2©«s. *l©«E*s canAOW»«:i 
o-CM^HIKt^-^^da t a fc*»«fcb<tt«Kt*Kafl b^V^X* 
TFT 3. S&2©7£3E*£s c a n BOUiCi^TttMWBfKTFT 1 © 
. K^V^tS^ »f«h5>^TFT 4, T F T 1 Of — 

L ED*n&iS«o 05-CTFT3(iPMOS. ^©flfc© b 5 > 9 liNMO S 
^ fiC |^ -eo-^OS^TFT 1 ©y- Mi»«3ft, f6^©* : f«GND 

L E D©T 7 — K l*IE©«»«ttVd dK£*fc3ftT^*o 

Softie. #3^K^£^£Eg(i> t$«scanAWscanB^)l 

w^bt^f-^»d a t a«c««ft-r**«»cs**tf7 s -^»e»ia 

S-t£2E&s c an A, s canBS^f-^d a t a 
. ^^S^s c anAA«^n^if-^Ida t a^6«W»Iw 
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V-x. KU>f >atff- + ***«*fc**H**b?>5>x 
*TFT 1 *CDY- HC»«bfc*iC fc*^TV^ 0 b 9 > 

FT 1 CD Kl/-f h fc©WIC#A&n^^-f »f-ffl»«h5>^TF 

T4*^t^«. ^ v fffl*Ih7>^^TFT4li, «^«» I wcd£ 

0FUOty-F^i:^btV-^I*tt^E^TFT 

^mci^t-s^^Ksn, KHiffiffR h7>^nFTi cdy- 
-Tzmmmtii*?- + it^i^o led (carr,, ^»ffl»R b 5 > s> 

X^TFTl CDy- h tB»»»lth7>^TFT2 0y- h fcjWfiSHCf* 

^snr* u > h * 7-®»*«i«u m^-mats i w cD««gu^tigi&a«ECD 
s«ew^;u kfrt£&mi& tte zm^ vtco mmmnm v ? y ? t f t 2 i*> 

(Dm^m vtzm®n.ffi&&yt%*o led trim 

*®^®!?ScDigl&^}*ii^cDii^-e*>*9. Il»Mi6i:^to 5fci\ 
iA«&B£C(ig£ 1 cDjtS^s c a n A, % 2 cD7t«i& s can B ^a^ttJSt-TS 
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0 H5(D«-Ct*. m 1 CD^S^s c anA^^k ^2©tIIs c a nB 
CS*ft»t«^ti:i^ TFT 1 lcW*W«lci6l5fcflr«*I w*<«n* 

o nmrnc sitmmmmKfcvxmmznz^mm.ffim'chZo zott*. tf 

Tloy _ h . Ku>f>ffliiTFT4i:«J:otSW:S»$nTl^O"C (5 
) 3&WfcttU TFT 1 ttiSSRl«*Ttt^-rS. «^"C, *r©Y- h • 7-XlHI 
CI* (3) ^-C^^nSSffVgs^f^o S&l©*££&s canA 

c anB*ftWtbtTFT4*o f f «»fc-r*o :ni:^tVgs^ 
^IClUot^^nSo ^(C^ 1 ©t£2*$s c a nA^^tUo f 

f w&t-tzz. t\z&K>, mmmi&bT-tmd a t a ta<«u&fc:jMr3tt* 

2©j££*&s c a n B^I«t««^»^**^* 5 ^ 
(iffi*©^^ (ffl&tffc©®*©*^*^--*) b£nx&\,^ TFT2(i 
TFT 1 ty-h^V-^I^ntfe^ 7^o&tc/jN£tt®^FWC 

jEttb-c^snrv^o-c. TFT2#iM&**^»fl 5 i/rivntf. TFT2 
(4) 5t-c#*.£n. cnm^^M^oLEDcins 

iHlilIdrvi:/i^ T F T 2 *ttfl**-C»fls3*« fctt. 56**^0 L 

d dlci^ntfH^o 

±ia©^i&irJ:n(i> 363fc*-?OLEDirj*n*««I d r v lift© (6 ) sC 

Idrv= (W2/L2)/(W1/L1) -Iw 
-C^^L^n. TFT©#1£tf £o£CJ;£-?\ IE*IC I wKifcfflUfctttttSo 
ttmfc&-e&2> (W2/L2)/(W1/L1) (Co^Tli. fg*3:©¥1f 
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T. m-^-^gfc I w £ IT li C CD J: 9 <C/h 3 ft S^flt^iE^lc^^-r 6 d fc \$M b 
^Ct^S, £©«k-3tt»#l*, (W2/L2) / (Wl/L 1) = 1 

/100 t4*5<J:?i:^H-tnil (6) 5tfr£ I wtltli 1 tiAtftO. ^ 

^TMSrcI&frr**-^*, Mf^OL EDirfttn&&8fc I drvtiflilia (8 
) 3C 

Idrv = /z2 • C o x 2 - W2/L2* { (2 IwLl/jitl • C o x 1 
• Wl ) 1/2 Vds2-Vds2V2} 

-e^^n^o ±5C{c*>v>t. vd s 2i*mytm?-oLED<Dn.ffi-n.j£ ! ft&t 

ftltm+OLED&ffitlZn.ffil d r v K J: oTft* *«, V d d ©fcfi tf&ft^ 
^OL ED©#t£7^x.£ftni* I d r v©#©B8&£:l^-5 C fe&<5o -©*B 
^ IwtldrvO^lt (6) S;cDJ:-5/j:m>6^itf«H^^«^e»^t^ 
„ Iwm&n*ili, (8)^i»/:tldrv^ OLED*in«Sit 
gfcKtt^o (8) SCIiVth^tntl^^Ct^^ VthcD(f^o§ ( 
®®rt©®f?H&©li £o£^l2iga * h«©l*£o£) Ciotlwtldrv 
OMi^^nSCtli^^Ct^/i^o V t h©l££-3>£K<£ 

£-f> Hfr>£© I w£##&fr:: tic J;oT. EffM© I d r v^#5ct^§5 
o CCDJ:-5(^ TFT2*»JiTl*t»ft3f*4»^li, fiW«*©*^»wJt 
^TTFT 2 © KU-f > • y-*IHI*EEj&</J\£ < -C&rtstztb, {&m#MlJ <W"! 

0 7li> H 5 OSIiK^v h ?Xft(C#^T*Sj£U/c^;^{t©0iJ-e££ 
o ^OMft&VtTlznW-fZo 5fe-T. Silx^-h^x (VSP) *^>7hU 
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SSB2 3ICA^^n^o &£*«MailA2 1, ^SMI&iKB 2 3(iVSP 

Sifi^ay^ (VCKA, VCKB) {CpUW L,T*tl?tL& 1 
HscanAl-sc a n AN. & 2 cDjfcSlft s canBl-scanBN^ 
S-^-^&d a t a fctfjfc bt«IIC S ^f 8 - ^l»W«Fia* 2 

-f*o fc*£U VCKAIi> VCKBCMU ji^HIK 2 4 K X oT*rf*MCg 

1 CDj££i&s c a nAi:ftSot«t^5o 
0 8(*ia5©®^[3l§©^#J-C&£o CI <Z>[a*Si*. i5Cfcl^TFT2* 
TFT2 a tTFT2 b CD 2 ocd h 5 V i^X^ £iS7l|KJ£tt \stz?Zf V 
AUfcfcU J^5i:fcl^TFT4^ TFT4atTFT4b02o0b7 
>^X^^®^iJ{C^b/iy^;Uy- h«U:fcOt*,5o TFT2atT 
FT2 bSCJ ! TFT4 a tTFT4 h\Z*ft*?n*f- h tl"CV^*0 

FTm w^cd^ps^m- J: -?t y — < 

cDU-^lijrp^^nS^^T^So 0 8OTFT2 a t T F T 2 b CD J: -5 #**fifc 
7j^©mu^^©p D D fi^m<^'5»i:^'5^ U >y h^f^o £ T F T 4 atTF 

2 0 
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lotfc«2oH±©»Ib5>^^ (TFT) »««SIK>f* 

v*H»-r*cfca<4#«T?**o wasoH5»c^ufcW*ia»*e«. tfti t 

TFT20#tt (V t ^HWrtJ-TTiMCjItt ^ Tl^£»£\ lESSC 

li ( 6) 5ta<fifc:£"£-*\ I wt I d r v^iEWCtittMU^l^ti^^^^ 

FT 1 ©ftfe. m 1 ©^2*§ls c a n A©#J®K<£oT®^0B&i-r-^*fcd a t 
a fc*tt«fcU<»*«f-r* b7>^^TFT3, £ 2 ©t££& s canBO 

X^TFT4. TFTI ©y- h ■ 7-XlH«EE£»*i&#*71ft 

fCli, *©— JOSf^TFT 1 ©y- htr^^n. ffc£0fll-?-l*GND ( 

^oledo?;-k (»®) (*> *a«l#«;-eBKS n^ry-K» a ic» 

ttSftT^So TFT3liPM0S, *©f&© h 5 >i?^^liNMOStMl/ 

I w©^^7 1 fc^Ufflli h 7 > i^X ^ T F T 1 «A»fr&«0«l/ 
T^Kffl U ftfc*HE U^A^SHfcffliWI h^V^X^TFTlcDY- 
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mrtm *^-f * zw^aoa^o led ©»^ih«e*t y - k* a c j: o 

ii*^liKll©jta6»s canA> ^2©^3E»s c a nB*«?ttifct* 
o 0 1 0©«-Ctt. ^lcD^S^s canAtttl/^ £2©7££f*s can 
B«U^ttt^*. ::tf-^da t ai:t**IwOl**CS* 

OLEDOT;-KiAI«*3l^OLED*<o f f «k5Kttl"<* 

w^*n*o -©fc*. TFTlO^-h • KI/-T VlBttTFT 4 C^TIH 
WKfi»*nTV>*©-C (5) 5**«ttU TFTllifiaWCifPt^ * 

oT. *©y- h • v-^hki* (3) st^^n^SEVgs^f^ * 

rc*l©jfcaE»s c anA, £2©5t£&s c anB**«Rttitt5. »b 
<l*. *-r*2©3taEl»s c anB*tt^fcttTFT4*o f f tt«t"T 
£ 0 :ni:J:otTFT l tUfcVg s^*lCi:«i**n«. &tr!& l ©?££ 
*&s canA**l/^atTFT8*o f f * - t iC«k 0. H^HI 

Ki: f-^id a t a fcj&<«*»C*Bf*n*©"C. *<Dm*T s -9U<l a t a 

SSIIwtlT^t^f-^li, ^2©^3Ei^s c anB^URt^S^ 

_30 tsftta^, ttl^T. T;-K»A*«l/^i:t«. TFTl©Vg 

s Bticcio -cflM*3*vrv**©T\ tfti #iMd**-e»fls i/r wntf 

„ TFT 1 &ffi,tlZn.m\t (3) s£© I wK-ScU Ctl^BP^. ^I^OL 
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©KlSSIdrvt-tt^o TFTl*fiWI*T»ft^*K»> 56** 
^OLEDtOlERmittfcM (5) sMUttM"*.*^ +fr*]E*tt 

*Ty-K»Aic#*ntfj*v\> »**fOLEDi:»n 

*«*Idrvli. TFT©Wtttf&o*cJ:6-r. iEllC I w«:-«t*o 

T;-Kilitt<, js*3R^OLED©ry- Ktt— *©JE«ttVd dir*KE* 
nTv ^_^ T F T 1 O K U > O L E DO* V - K (H» tO 

HCP*+**b?>***TFT5#«U3ftT^*o TFT 5 coy- Hi. 

„ f*-*«i&**IC»»ad r v«l/^kbTTFT5to f f tt*fcb 

IMA^Tt^ drv*fiU^tUTFT5*ontt»iU 
fOLEDCti«II dr v**r. CtlH^OiftttH 9 ©UK fcPWC* 

*«i«*^o led tumzmmzntzTF t 5 t f t 5 k**. 

±©«*i:**n4TFT5oy-H:4i6n«. *«"Ctt. mitm+oL 
EDtTFT 1 t©|H(CTFT5*<»AStl-C*f0. T F T 5 <D*f— hS{4©#J 
HiaoT, O L E D i:IW5Ilt*t >/* 7f * : * *o * 

«K*ntf> ©li^«»^l^ •'^T F T 5 y 

*«PH^-C**o *0*>»B*rfcU -7l/-A(Dl^ra^Ti:-r^i:> ®* 
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^oLEDtomr^A^ti^mmmmmhyy^^^FT^^^^o mm 

IB»ih5>^TFT5li, **** O L E D © »KM «r * * 

-,T»HMb^^TFTlt»3MffOLEDfc««U U* 

ltJ6 ^0 LED < * 7NrlB MWKM**** L 
T****0 LED ««^W:« < * ^ &®3t©<?£ 

same Mauntt-cfrM*^**!****^*-*^^*^**- cn 
raw*. t?^^©*^^^^^®^^^^^*^ 0 ^^ 1115 

* c t ic J: 0 BfGliiLo @ «EK:**W* «MTr * d t *< "TOTC * * - H K Mtt 

*--*-f*l/l 0Kt*k, WW** 1 Of*KUC* 

H 12ii, H9CC*UfcW*H»©SI©*»«^**- 01 TFT1 
©Kl/-f >t***^OLEDO*V-KfcOIB»CTFT8^#A*n, TFT 

canBi:J:,tWn^5o TFT70V-^fcGNDttttOli:»i 
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KlOtiMscanA, »2(0ftila canB*Wttimt, 
»Iw*<TFTlRtfTFT6*in*. STFT*, r ■ V-XlS*** 
mFT4MTFT7i:J:- 5 «^ntt^©^ MtfDMWCttft"*"*" 
fti:»10il«»scanA, »20«i8canB**l««ittS. - 
ftCJ:^t*i:TFT latfTFTBKiCfcVg B*<*iC»t«W[*IC 2 

H«BKj:f-^id a t a t*<tAfiClKSn*Ot, *©* 

T;-FiA**^tt4. TFT 1 ©Vg sttitCKiotWSftt 
^SCD-C. TFTl3&<IBfllI«*T»ftUrv>ntf, TFTl^n^Sili (3 
) IwK-»U in^-rttt>^***^OLEDJC*n*«*I drvt 
tt*o o*0. AM*** I w#»***OLBD©M«*I d r vfc-WS 

o 

::t> TFT6©frfflC-5^ttti!Bt4o 0 9©«*ISI8K*>^-CI*. Wa 
b/ci:-5tc. flT#««I w&**JtfFOLBD©ram*tt#tt:TFT 1 

(3)^. (4)A«kt)Iw=Idrvt*ofc,fc«U 
, iT FT 1 £iftn3**I dsK «rttt«*IC*?V^T (1) ^^.^5^ 

K w -f * * ? v - U f-ir * ^ft***^*" 
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Ids=^Cox.W/L/2 (Vgs-Vth) 2 * (1+A • Vds) 
- (9) 

„ Iwtldrvili-iWo 

C*UC*fU HI 2©II0K^»fMr#*.*- mi 2©TFT6©t^lt 

(9) sCKSTttfentf. «*a*«Pfc«»NP«Vgs^-*"C*oT*>. I 

ttt-Hbttl,. IdrvttTFTltSn*^ *©»*TFT 

ltOlff*Wt<tt^ *©KM>«* (TFT60V-X«t) #-h 
#T*o :O»*TFT8OVg8tt^<40, :tilildrv^<t* 
*rte*Jfl*«. tt*tUT. TFTlOKMVltt (TFT6©V-X*tt 

) »**<*»-r*-fc^*^ TFTicftitnii, »*a*»kW 

«Id8^*<tt*fc6*^ fc ^*- Iwt I drvt* 

F T 1 , TFT6 *CV d s K*hr* I d s ©*#1**/h3 < f *©#A^©-C 
Tl. TFT6*i:y-b • KU-T >K^$nT^S0T, S£&£tl£J? 
»«: $ * * K I*. **** OLE D -C© «E*T *#« t T t> M T F T 6 itUM 

»mOLEDK*n*IllIdrvli, T F T©«Ftt«&o*lc J: 
&-*\ H9©*ti«J:»)iE»clwK:-a-r*- H±OJ: 5 
««ffl»llh7V^^TFT 1 *a^TJ8*J*FOLBDII«n*M»WlW> 
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IHrbfeKl/^>©*tt*H^-*"*« ttBse ^ RfcU ^ TFT 6, TFT 7 

, HI U HI 2©H»fcH«, W*Iw*<llft*b5>^TFTia 
J8mOLEDi:»n*I»Idrv*««t*K 0 1 3 "CI**** 
f0LED*<TFTl©V-x«i:*»*n^«ct^it*i o * 

a*ii«**»*^OLEDi:«t. M^OLEDtt, ry-KRCf* 

*MO0*ISIKI*. T F T 1 cDftfe> »l©J6»scanAO««a^B 
»tf-^datai:^^l<liI«rta7y^nFT3, £ 

2 0«X«s c BnBO*W=J:ot«a*a«f KTFTloy-b ■ KU 
-f>*«»t«h5>^TFT4, TFTloy-Mtt*. «*ii*»T 
«fcil»t5fc*0«C, TFT1©FM> tSSiltV d d tonic* A 

TFT10Vgs*WaRt*i:«»t«. fi> TFT5®y- h (ii$Sj&l& d r 
vtMiSn*, TFT5*ffAt«l»B, 7=-*»*&**KMMid r v 
«WtlTTFT5*of ftttttU flWIwtt^tTFTlC 
fcTfc*- S§M^Tt^ drv*tt^ttTTFT5*o 
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ntt«iU mftfSB^OLEDtcfgi&mSIS I d r v^mrto -©cfc^C 

HI 4(*> Hi 3K*bfcH*H*©*»«-C**. HI 3 tHl 4itB, 
MC©-#©«W* 0 1 3tliGND, HI 4tliTFTl©V-^*» 

^t^,w^^> ^wwfc, «a*»fcWi»«TFTio 

V g s «tUam fcv^ jfiRTMWttMHtttt^- 

^ ft v - x **-r §iib7>^nFT2 e> . 

#1 h 7 > ^ T F T 2 oy- h t V - XBOlff *B±tf b-cy-McM 
Sn**EEU^^*T^HaE-rS««ffi«E**«^*o BPt>> TFT2CD7 
-x£TFT 1 ©v-^*iiJ:0*>-r^^WV>*ttE»ctt«-r*c:i:"C. 1^ 

HI BttRl 5*ca%bfcH*H»0*»«^*«- *«"Ctt* H»W». * 
Rh7>^^TFT2®y- h t^2CD^S^s c a n B C&tt bfcitiniM 
C2^ttD, *lb7^^TFT20y-b K * fc^S C $ 

i:§]^x.T^tt^i:, SiC2®ftffl"CTFT2oy-Mtt*«T 
Ttf* H±©J:^K****«tt- H**«fK-r*fca6©ft*» 
s c a n At. H**K»-T d a 1 a tf} ^ 

mOLEDt, £2tts canArJ.tW^Iof^Uda t afr 
6^6tifeliK1tfl*W*^**atr«a#« (TFT1, TFT3, C) t 

(TFT 2) t£^#> «-H3l5^©l*K1t«®»*^***- ^*& s c 
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n AMUR fc « - fc« *> «•■*!=««•* &H *® 5B **^ ° L E ° '* ** 
TFT3, O ,-J;,T*^ji*nfcWR«a*T^MSUTIE»#S (TFT 
2) .C««S-r5l9S#a (C2) **A,T*i>, M*©M*©*I"<*«I* 

HI 71*0 1 5IC*bfcB*H«8cOSWe*5o *t«Tli, T 
FT 1 KJ:,t»*nfclEl"<*««CC««-S», «*C©-»«S 

BP*,, MCe-HICWlWV-XllMWSMWKW. 

F T 2 of - HWSfT* , f:»f**' «tt*l»*S Iij6ffl»*tt-C«tt 
«»-fS. «tt«««S «•***+»=" H" U'WtU «#a**T«- L 
- U^tt5„ fil*S*AVs, TFTWy-HaWEt*MW-«* 
«Ott<Z>*±«*) SCpitit, T FT2<Dy-b«ttl*AVg=AVs 
*C/(C + CP) «lt«TU V|i4*«<«. h. L 

«MWb?>W*TFT»W^»fllMl t 5 : ' !, « TPT4 « 
-nm.94 7 (0 1 8-eiiPMOS) tW5. -&bT*:0>ra4, 0 1 

u *a©«^-e*wrsctt.wtBT«s. c ©$£©«*&»<*> H7t=* 

•ra*SSCtees**»(E»lEl*SB 2 8W«t*«. 
HI 9I±0 1 8C*bfc**iaK©**«' e **» 0 5, H8, H 

9, hi i~0i 7i=*bfcH»fc«ii«»i- b-sb^t-pt-i-^tft* 
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X^TFT4oy- h**n*nJ*tt***«U BPt>*l ©***s canAS 
tf*2©Jtt»BcanBi:«*lt, *nfti»*i:«»t5o ^©^KB! 
4r|r««-r«aAtt. 0 1 8©«©«ka«rTFT3RCfTFT4**a©«^ 

an ©UW±#t^, TFT30Oh'-y>Xli«i:^Ul^ 
. **tt^«±*R*. ttt^of f COMMIT 

JU*«fcU-C. 0 1 8©<k-5K:r-**d a t a^PNP h5>^X*B I P 

i b i pionmmnm*et+*t. h?>vx*B i pio^^ 

* ^|i:*«lllOiE (**.(* l V) ^otif»ni<, h5>^x 
*B I PlBBtfjeWIIfcttiffU 5^-^^da t a(rtilw=0 I b© 
**S©«****3n*. «#&**T*I^ TFTSO-f >tr- 

^>^±#t5irf-^«l©«fe^^ § ^ h^V^X^B I P l&m 

F4^onW^nii ;O^U:«WFTl C*n, jEKKBfa© 

TFT3fcTFT4*W*Of^i, Wfc*ft*tt* 1 s c 
anA. »20J6»8C8nBi:J:^WiU M&^HTWfcttT F T 3 

i:ft«otTFT4*o f f m&t-rzz. tw&bmtis^o wmhk**** 

@»^*5l>rt±, TFT3tTFT4li, fiJ&L/c&tf'J© «fc "5 Kffi-M*'*' 
-C* SMtttt < . TFT3 tTFT4 t fctt** * & 

„ -e*ven©y- c anAWs c a nBfc "5 SI ^"C** 
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$PU i*ii*»T«f»:ilTFT3i:jfc«^tTFT4^o f f #«Rt-f*<fc-5 

£tc, TFT3> TFT4**ft*tt»l©i£**s c anA, s c anBCJ; 

TFT4*onttitU fc**J|ittTW**«tt** *• 
TFTl©Y~r • KU^fX RtfTFT2©y-h*<*tt3*l*fc^ TFT 
2 CDY- hmiEtiTFT 1 ©bl<l><fi ( C *lt*T F T 2 © U « 
) fcttO, TFT K TFT2*i:of f fcttft^feT?**- » 2 CD s c a 
nB0»»», 02 0 (b) ir***^ /UXttOJSffffWit^^ 
U 02 0 (C) l^tscanB 1 cd J: o i:JMItttt«ff«*4« feAV* 

o 

««aftlc«<bS#*c:i:*<HrttT**. R. G. B0ft«i:»2OJ6li8C 

JSfc, RUWWIWWfcV^ 3SttJBI8!©fAte (duty) ^^>t 
C t K J: ot5S3ti^O L E DCDigl&mifc£*# < *o :: WiBP5*n**tt 

0 5. 0 8. 0 9. 0 1 1~0 1 8^l/«t^i:> 019©® 
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GL&mmmvm^t, r-?mmw>®m^m.m&#**>n*^-t> tfts 

n ^ f -^ 6T FT8, TFTl*^bT«*«ttlcS«M©«K 
*T**3V^fc***^- BlBO^tttttTPTlfNMOS 
-C**©fc»U TFT 3^PMO STfllfiRi b"C> TPTStOlEUT*** 
<»*.T^S. BPfcTFT3-ecD«E*Ttt. «*a*I»Iw©*m©fc 

*f«*Ofc*OTFT3JC*tf*«EE*T*^*<^*««- 01 9 

. -entr^o-cTFT3©y-h • v-xm«E©fc»*fc**u tftscd 

OK-r^ttT*«5Wi:fW8t4. CtlKttU felTFT3^NMOS 
WW- TFTl*PMOSTWUi*ttTPT8l*NMOS 
^pJfTCfc*^ m * fc* 1 scanAtl2 ©7£f£*& scan 

TFT 1 + (W) CD ltJ£W/L£&i!lffl?*«l^> 

*x*TFT20W/L<fc&**<K£l/^*£#B 1 BOHKfc***. - 
cDJ:9l-TFT 1 cDW/L*TFT2©W/L«k»)**<K«-r*a*W. 
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WW»*K*fcLT, S*«iSE2 o o [cd/»« 3 , -■*«*=«>©■*■ 
W^.DO C« m :x,0 0 [«m]=le-8 [«•],«*»« ^ 
d/A] t-TSt, «aWHO«MffOLEDeni»l*IOOXle 
8/2=l«At'i«. 6 4 PB»**J»bJ: -5 itii- a/MOTIKWS-r** 
Mttl(lA /6 4 = l 6 CnA] MCfcttO, CO J: 

r MM- * C t l*«*T» U<. ICTFTlfOK-y >X©*HHn* 

B! lC*r«C. TFT!©W/L=1 0 0/1 0, TFT2©W/L= 
5/IOitntf, W/LOH*4 0itt», 1 6nAO0LED8i«**» 
Sfctotrf-^aid a t a 1 6 n AX 4 0 = 6 4 0 

nAM!l< M&**»:*K*Ta** = 

T F T 1 f T F T 2 *<tS»© h5>W#*6l«5»*«- *»W*W/L 
t a fcW*©«ttfc©BC V - EK 1 *«»U ***&*©!««** 



f-«Stt*<W,TTFT H)HK«JWi:*«iTFT 1 ©W 
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> f-y>X7«<tt 0, TFT 1 0«n*mtt**tH2 3*iZ&^X® 

&mm<Dv*-r±?^ ******** r*j «a*»ift^. »*k 

0 2 2 0EISS-Cli. f-^idBtatlt«ttGNDt(OirJJ- 

raj ^#iA^(cfcv^^-^^m^_h#-r^i:. -en 
1 t f otx t imm*^^o a xm^,-r z - t *>^rtre 

data fcUfjeoRttfcoHKWWtfRjeW*^ PRC 1 *«*U 
#tii*n^H*©TFT 1 ©0#^*V t h 1 *<0ViKtft^»^ fc*^ 

wmvbla ic«-r*©rcftv**H*<*^* 
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T10l«l>tKl^^^^ :OWTFT2it7ttifc 

o 

0 2 5 * tc *> i> -c ®n®m<2>-c7frr z *> tz? - ? mmw t f t i © u * i^«v 

thl EUiK±#U *©*tt»*a*W»IwfcB*rt»©TFT©»fl«fc©^ 

O 

fc#«©BBfcJltt^ TFT1 tTFT20*iM^P^ + W^ ( 
PMOS) jcJ:0«l«b"C^*o ztifc*^ Wifi^aft«cJ:0TFT3*T 
FT 1 fcWSW-f ^*«Nf-t*^-f ^ (NMOS) tU 
tt*#*UTTFT4 fcTFTS &H-©*«**^*SN^****>f:/ ( 

NMOS) ttti^ltl^o 
02 6l«i:^^ TFT 1. TFT2©Wh?:/S>X*|«** : i t OL 

u *» m b < tt v \, * » i w t **** o l e d ©«i«ft t 

NMOS©»#. if^BBE^Ji^^^^fel-LDD (Ligh 
tly Doped Drain ) «**t*ct*<HRft-e**^ co^LDDi:i«I 
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